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(71) 3a»8HTe/ib 



!1^ v;m'v ncritc/iOi'^Te/ibCKMfl ceiKTOp Bcocowjnoro opucHa JTeHHiia 

pr-^''!. VMO-H?'*'-"i."OTCJlbCKOrO II H^V M illO-IICC;iOXlODaTC/lbCKOrO 

»ir:THTyT«i "rwiponpocKT" HM.C.fl.KyKa 



(5-P CTATi!!' 3JIEKTPH4ECKOn KAWStllU 



J 

HaoGpeTemte oiliocHTcn k 3/ieKTpo 
ManiiiHocTpoemiK/ , a Howe koiikpot- 
ko k KOHCTpyKiuui cva ropa Moupioro 
reHepaxopa . 

USSeCTHbJ KOHCTpyiCIUIil CTftTOpft 

sneKTpHMecKon Mauri tirj, ti kotopijx 
cTepjKHu oro oOmoti'i: nak'pcunenij n nx- 
kphtom nasy c noM?i;'.i*» K.MUHaiTi . 

HejlOCTaTKOMH T3KOP. SOHCTpyKUHH B\t- 

jirtWTCff cpaoHHTciibHO Hti?Kon uoite*;- 
HOCTb 30Kpen/ie*lil5l mockojiskiix ctop*- 
Heft nofl ojaMH na3onufl kjihh ii ;icno/u»- 
ro Oo/ibiuaw xpyuoeMKOcn, Kpcnncmni 
cTCpxHeR npn noMotnti :«aGii**KH N:uo*e«:x- 

Ba KOPOTKHX KJlltllbeb* 

HauOo/iee 0/itt3Kon h iipcminracMofl 
no TexHMvecKon cyutHocxM awuroTCH 
KOHCTpyKiiM« cxaxopa rcHeparopo, n ko- 
Topon mmciotcr OTKpwTue uanut r/xe 
t\oj\ k/imh y/ioxeittj MCTwpo KaCoJin it tck- 
CTO/niTODwn cxanaii, $opMMpyiotruin Mftc- 
;inHun 6aK Ann x/iajtoreiiTa . Kocsemt 

HaCTIIHIIO paOMCUlCHW B nWlb3AX H3 M30- 

mmiiOHtiorc Maxcpno-na, npuvcM Mf?xAy 
rtuib3aMH ii K«n6GJiflMH pacno/ioacoKM 
Kana/ibi, oOpaaonamnjo uo/iiiwmh Bwcry- 
naMiir pa3MeweHnuM»i wa nuyrpoHiion no- 

OCPXMOCTH ril/lb3hl[2j. 

IIO/lOCTaTKaMH U5»FOCTMOn ICOHCTpyiC" 

mm mh;ihk)TCm cpapHHWi'ifj rmoxoc 



2 

sanojuicitite naaa Men bio, xan Kax b np*- 
Moyro;iMioH nany paaMcwenbi kpyrsue 
npoiiovuiuKi! $ » iiojttOCTaTOMHo HoaeaeHoe 
KpciiiiGiiiir> '(CTbipcx' Kaoe/ren nofl oahh * 
5 na'jocuft U/imi. 

Ucvu- irjoopcTemiR - noohiuicHne 
ii.i;:o+*hcctm craTopa reiteparopa npM 
yiipoirtoiiim CCOpKlf; 

^ y«a*janHan ucnb jiocxh raexcn tgm; 
•ito n cxaxope, coAcpxaweM uwxxoDaHHbift 
cep/ieuiMK c naaaMH n oxJiaxnaeMyio 
oOMOTKy us BucoKOoo/ibTHux saK/iwveHHbix 
b itao/iHUHOHHue nt/tbSbi xaOenen, pac- 

15 no/iowcHiiHx b KawoM nasy b pawa/ib- 
hu« pnA * nooepxHocxb jcattnoro na3a 
Dhino/niciia n oiijxc panitanbHoro pn^a uh- 
/ituiApHWGCKiix noBepxKOcren, odpasyw- 
uhx cooO:itoiom»tcc« vepos paxinaJibHue 

20 npopcsn xana/TH, b kotophx pacno/iOKe- 
hw ynoM>tiiyTuo Ka6en», it b 3a30pe Mex- 
xiy rn;ib3aMii it ctghkomii xana-noD BAO/jb 

CCpJie'lHHKa yCTailOU/ieHM M30/lHUMOHKUe 

ui.inou c iipoAo/ibiiuMH xanaJiaMH, a c TOp- 
25 uob ccp;ic«riiiiKa k rn/ib3£LM npKKperuieHbi 
pcsuOonwo BTy/iKH r Ha KOToptix pac- 
no/iovKeitu raAxM, h Mexjiy TopnaMM cep- 
aeMMtiKa ii ranxaMH 'pacno.'toxeHbi waft- 
6w, no Meiiwiicn Mepo oana hs kotodux • 
30 hmgct pc6pa jitecTKOCTH, o0pa3yKxa»e ^ 
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pivninwihiiuo Haiianu, coofV'U"»MriM.»Or< r 
rtpononMiUMn u.nifliiaMii. 

llHitiii/i|Mi*(CCKiic nonepxiiocxH na- 
ia MoryT Ouxi* t«ik ato pac no.no* cmiu 3Hr* 
3orooftpanno h copaiihchw npope-jRMH, 
pncno/iomPHMdiMii no nnroarooGpaiHon 5 

AHHHH . 

Ho Onr.l H3o0pa*cnw j;oa coccahhx 
i>ajuio«bHux pnna OacoHitux naooB cep- 
jiOHHMKa cxaxopa rotiepaxopa; na $wr.2- 

COPflCMHHK CTaTOpa C OCMOTKaMHl Ha 10 

<jmr. 3 - ee'icHiiG A-A na *&wr,2; Ha 

$HT.4 - BTOpOtt BapiUtHT BlJIIO/llieHHH 

i^acoHHUJC na3on, pacnoAoxcunux paAH- 
a/ibHO-3Hr3arooOpa3Ho . Kpennenne 
KaOeJien b sxom .cnyuae xaxoe xe r 15 
k~" noxasaiio Ha <t>nr.3, 

,lpH pacno/ioweHMH <t>acoHHUx nasoB 
pa-avta/ibiio-anraarooftpauHo hah * utax- 
MaTHOM nopnnKe, xax noxasano Ha 
$Hr.4, BbicoTa ayOuoBon 30HU npaxxit- 20 
wecxH ocxaexca tieunMemion no cpaB- 
h»hhk> c oObwnon, nanpiiMep, npHBe^eH- 
i b Kau'ecTBc npoTOTuna. 



KoHCTpy KuiiR concpjKHT xaGe/w 1, 25 
pa3MeweHHue b uwAHnupitMecKon wacTK 
OacoHHhix naaoo 2 CTaTopa reiiepaTopa 
b h30arukoiiiiux rtuibaax 3 c nonuMH 
BUCTynaMH 4, pacno/ioweHiuJMU na 
BHyTpeHHen noBepxnocxn r»i/i!>3w 3, „ 
b swcxynax MMewTCH Katiajiu 5 nna npo- 
nycxa xnaAarenxa, a npocxpaiicxso 
Mcxny cwcTynaMii 4 mar $HKcamm xa6e- 
/icn 1 d rn/ib3ax 3 3Whto xepMopeaxxHB-> 
hum KOMnay haom 6, Co ctopohw B03Ayw- 
iioro 3asopa k akthdhoW cxa/w npn- 35 
Mbixaex AH3Aei:xpnvecKnrt uhahhap 7. 
OacoHHhie na3u 2 BwnoJiHenw d vnne pk- 
^a uw/iHHApnuecKHx nosepxHocTen , coe- 
/itiHeHHbix Meauiy* coGoR pajiviajibHUMH npo- 
pe3«MH 8 h oGpasyiomHx uaHa/iu Jinn 40 
- nponycxa x/iajxareiixa . Timbaa 3 $hkch- 
r^QaHa 8 na3y npit noMomu iooaruhoh- 

; UjanO 9, CHaOXCIIHNX OXBepCXHHMH 

1o Ann nponycxa xnanareiiTa, » aaxpcn- 
/xeHa ranxanii 11, omipaiouiHMHCR ho 45 
uanGbi 12 , npip«eM maRObi, npn/ieraw- 
mHe HenocpcACToeHHo k raftxe 11 , cHaG- 
)kohu pcGpawi acecxxocxit aar oGpaao- 

ihr xaHanos, no xoxopbiM nponyc- 
k a.eTCK xTianarcHT. TanxH 11 HaBep- 
HyTii Ha BTy/iKH 13, iiaxAeemiue na 
topum rH/ib3bi 3. Kpyr/ian $opMa uh- 
/iMHjipHuecKon wacxii OHryp'ioro naaa 2 
c npopcanMH 8 HaHOoneo cooxsexcxBy- 
ex iopMe xaOejiH oOmotkh CTaTOpa, _^ 
cosAaean xopoiuee aanonHCHHC naaa 
MeAbw h yocjiHMMBan aaiiHTyw cTajihw 
nnotaaAb, T.e. MarHiiTirun noTOK 
HauiHHH. Ha/iHwne npopcaon 8 noano/iR- 
eT no *enaHHio xoHCTpyxTopOB d ao- 
BO/ibHo uiHpoxMX npeAe/iax ynpaanrtTb 60 
peaxTKBHWM conpOTUDneiuieM pacce«- 
HMfl oOmotkh cxaTopa, Kpen/icii«e xa6c- 
/ir b naoy 2 c noMOuibio 3aTn«KH rw/tb- 
3bi 3 rartKaMH 11 kc xpoOyox Kaxon- 
/t«6o saOMUKit KAHHben, xau 11 CAyMae 65 



TTifiAvmiiOHtiurfj Kpt:n;iciinH . Kpomo Toro, 
Kii^i^'ib u nany uooOwo no KacaoTCH 
Hcnocp#.\jt<;TMC»nno (M*o CTeHOK, 'ito npc- 
AOxpuHMOT eco nonopxHOCTb ot iicVh- 

pOWMfl MpM BHOpaUHHX H TCM CaNftiM nua- 

MKTe/it.tio noBWiuacx hoap wmoctu paOo- 

XN 3/10KTpH f ieCKOO MUtllMHN. 

XnaAareHx aa« ox/ia«AeHHH aKTiiB- 
HOfl CTaviH h o6mot:;h, ocoOghho b uuco- 
xonoAbXHoR MatuHHc, noAaexc« c/ienywuKM 
o0pa3OM. Ha Aaxa Bbicoxoro AaBACHHK , 
pacnonqaceHnoro c oahoto H3 xopuos 
Manmiiu Chc noxaaaH), xAaAareHx ^e- 
pe3 uaiiaAbi 14, o0pa3OBaHHbie pe6pa- 
mh jkcctkoctm waROhi 12, npoTexaex 
b xanaAbi 15, o0pa3OBaHHbi3 nosepx- 

HOCTbW UHr.HHApH^ieCXOR HacxH na308 2 
ft HOQflHUHOH.HMMH THAbSaMH 3 n6 BCefl 
HX AA"H©# 0 CaK HHBKOrO AaB/lCIIHR , 

pacrioAO)»teHHiJfl Ha ApyrOM xopue Maxuw- 
tiM. Xlna nponycxa x/iaAareHxa / no xaHa- 
Aa.M 15 u uianOax 9 hmcwxcr oxaepcTHR 
10. Kaxn Bbicoxoro h HH3xoro AaBne- 
hhr oxoaxbiaawx Kop3itHbi AoOoBbiX uac- 
*xefl MawuHbi (He noxasaHbi) h repMexHW- 

HO COCAHHeilbl C AH3Aei<XpiP(eCXHM uh- 

AJt HApOM 7 ;i c xopnycoM cxaxopa Ma- 

UIHHbl. ' \ 

tUuxTOBaiiHan noscpxHocxb uh/ihhaph- 
mcckop HacTH <t>nrypHoro na3a 2 npeA- 
napuxc;ibHO BwpaBHHoaexcn c nowombto 
cncujianbuoro uH/inHAP»vecKoro waOAO- 
na, npvt noMomu xotopoto Me«Ay hum h 
uivtxxoDaHHon cxa;ib» uHAiiHAPH^ecxoR 
4 acTH nasa aaAHnaexcn cneuHonbHbin 
KOMnay ha • TAaAxaR noncpxnocxb naaa 
3HaM»xeAbHO o6ner»iaex npcAoapjixeAb- 
mjn mo ii t axe niAbSbi. 

3KOHOMitwecK»iR 3$$eKT ox npHMe** 
ncHiiR npeA^iaraeMOR kohcxpv'kuhh b oc- 
iiodmom AOCxnraexcR 3a cuex 3KOHOmhh 
3neKxpo3neprHH ox yxmn He hmh MexpeMOHx- 
hwx ncpHOAOB, mxo o6yc/ionneHO ox- 

CyXCXDHGM HG06X0AHMOCXK nepeKAHHOBKH 

oOmotkh cxaxopa, uxo npHXOA«xcR Ae- 

AaXb*AOBOAbHO Ha HSBeCXHblX 

Maui tt tiax. 



^opMy/ia H306pCXeHHR 

1. Cxaxop 3AexxpHuecKon MauiuHH, 
coAepwaxuun urnxxooaHtibin cepAeMHHK c 
na33MH h oxAa)RAaeMy» oOMOXxy H3 bwco- 
KOBOAbXHWX aaKAWMeHHUX B H3onnuHOH- 
iujc ntAb3u xaOe/ieR, pacnonoxeHHbtx b 
K&KAOM naay b paA«a^bHbin p«A, o x /i m- 
m a w m ii ft c h xeM, 'no, c ue/iux> 
noobnueHHH HaAe»HocxH npn ynpouieHiiH 
coopxH, nowepxiiocxb xawAoro naaa 
otunomieHa b BMAe paAnaAbHoro pRAa 
miAHHAPHwecKHx noBepxHocxen , ofipa- 
3yx>uuix coo^nawDmecR uepes paAHanb- 
Hbie iipopean xana^H, b xoxopwx pacno- 
Ao^eHW ynoMRHyxue xaOenii, h b oa3ope 
mokav rHJibaoMH h cxeiixawi xaHa/ioa 

DAOAU CepAeHHHKa yCXaH9BnCHU M30/IHIIH- 

oh kmc luaROu c npoAOJibHUMH xananaMH, 
a c xopuos cepAeMHHKa k nmb^M npn- 
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xpen/ieHM peshoonue Bry/tKH, Ha koto- 
pux pacno/ioxeHw raftKK, h Meatfly Top- 
uaMH copfleuHHKatH ra«KaMM pacnono- 
xeHU uaROu» no MeHbiueA Mcpe OAHa hs 

KOTOptlX HM66T peOpa xeCTKOCTM, o<w 

paayjocoHe pajSKanbHbie KaHa/Tbi, cooOiuaw- 
tOHeCR C TipOflOJlbHblMH KaHaiiaMH. 

2. CTaTop 3neKTpHwecKOR MaaiHHbi 
non.l, oTJtHuawwHficH 



'TCM, 4TO, UH/IHHilpHMeCKHe ROBepXHOCTH 

nasa pacnonoxeHU SHrsarooCpasno . 

IICTOWHHKH MH^OpMdUHH« 
npHHHTblC BO BHHMaHHe ilpH 3KcnepTH3e 

1. Tht b B.B. h flp. TypOoreHepa- 
topu. PacweT H KOHCTpyKUHfl. 1967, 
c.119. 

2. ABTopcKoe CBHjieTenbCTBO CCCP 
no 3 a«BKe H 2843451/24-07, 

K/i. H 02 K 3/24, 1979. 
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TI - High-power generator stator - has winding cables held in sleeve having 

radially located slots joined by cut=outs 
IW - HIGH POWER GENERATOR STATOR WIND CABLE HELD SLEEVE RADIAL LOCATE SLOT 

JOIN CUT-OUT 
IN - BEZCHASTNO 0 A; KARPOV A M; ZOLOTOV L A 
PA - (GIDR ) SCI SECT GIDROPROEKT RES INST 

PN su9 55369-„ A 820830 DW8328 004pp 

ORD - 1982-08-30 
IC - H02K1/20 
FS - EPI 
DC - Xll 

AB - SU-955369 High-power generator stator reliability is improved with the 
slotted laminations core and with the cooled h.v. windings in 
insulation sleeves. The surface of each slot is formed by several 
cylinders radially located and joined by channels for the winding 
cables, while insulation discs with longitudinal channels are set 
between the sleeves and channel walls. 
- The sleeves (3) are held in the contoured slots (2) by the insulation 
discs (9) exhibiting holes (10) for the flow of the coolant and 
secured by nuts (11). The cylindrical part of the slots matches the 
shape of cables (1) forming the stator winding which are fixed in the 
sleeves by poured-in compound (6). The design ensures max. usage of 
space for the copper while the slots (2) are joined by cut-outs (8) 
controlling the leakage reactance of the stator. Bui. 32/30. 8 . 82 <4pp 
Dwg.No.2/4) 
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Electrical machine stator 

The invention refers to designing high power generator stators. 
The traditional design is an electrical machine stator, where winding bars are fixed in 
an open slot by a wedge [1]. 

The drawbacks of this design are relatively low reliability of fixing several 
bars under one slot wedge and rather high labour content due to the necessity of 
driving in many short wedges. 

The closest technical solution in the state of the art is a generator stator design 
having open slots, where four cables and a laminate container serving as an oil tank 
for a coolant are laid under a wedge. The cables are partly placed in insulation 
sleeves with channels between the sleeves and the cables, the channels being formed 
by hollow bulges situated on the inner sleeve surface [2]. 

The drawbacks of the existing design are insufficient filling of a slot with 
copper due to round conductors being placed in a rectangular slot, and low reliability 
of fixing four cables under one slot wedge. 

The purpose of the invention is to increase the generator stator reliability 
while facilitating the assembling process. 

The purpose is achieved as follows: in a stator design containing a laminated 
core with slots and a cooled high voltage cable winding with cables within insulation 
sleeves arranged in a radial row in every slot, the surface of every slot is made as a 
radial row of cylindrical surfaces forming . channels connected via radial cut-outs 
where the above mentioned cables are laid; insulating washers with longitudinal 
channels are installed within a gap between the sleeves and the walls of the channels 
along the core; thread bushes which carry nuts are attatched to the sleeves from the 
core ends, and between the core ends and the nuts there are washers, at least one of 
which has stiffening ribs forming radial channels connected to the longitudinal 
channels. 

The slot cylindrical surfaces can also be arranged in zigzag and connected by 
cut-outs lying on a zigzag line. 

Fig.l shows two adjacent radial rows of contoured slots of the generator stator core; 
fig.2 shows the stator core with windings; fig.3 shows the A-A cut of fig.2; fig.4 is the 
variant of arranging the contoured slots zigzag-radially. The cables in this case are 
fixed in the same way as shown in fig.3. 

When the contoured slots are arranged zigzag-radially or in chess order, as 
shown in fig.4, the height of the tooth zone is practically the same as usual, for 
instance, the one taken as a prototype. 

The design contains cables 1 arranged in the cylindrical part of contoured 
slots 2 within insulation sleeves 3 with hollow bulges 4 on the inner surface of sleeves 
3; the buldges have channels 5 for the flow of the coolant, and the space between 
buldges 4 for fixing cables 1 in sleeves 3 is filled by thermoreactive compound 6. 
From the air gap side, active steel is adjoined by dielectric cylinder 7. Contoured slots 
2 are arranged as a row of cylindrical surfaces connected with one another by radial 
cut-outs 8 and building channels for the flow of the coolant. Sleeves 3 are held in the 
slots by insulation disks 9 having holes 10 used for the flow of the coolant and are 



fixed by nuts 11 carried by washers 12; the washers directly adjoining nuts 11 have 
stiffening ribs to build channels for the flow of the coolant. Nuts 1 1 are screwed on 
bushes 13 which are glued on the ends of sleeve 3. The round form of the cylindrical 
part of contoured slots 2 with cut-outs 8 matches the shape of the stator winding 
cable ensuring maximum usage of space for copper and increasing the area occupied 
by steel, i.e. increasing the magnetic flux of the machine. Cut-outs 8 allow to control 
within a rather large range the leakage reactance of the stator winding. The securing 
of the cables in slots 2 by nuts 11, which tighten sleeves 3, does not require any 
driving of wedges, as in the case of traditional securing methods. Moreover, the 
cable in the slot does not directly touch its walls, which prevents the cable surface 
from worning out as a result of rubbing during vibrations and, thus, increases the 
electrical machine operation reliability. 

The coolant for cooling active steel and winding, which is especially 
important in a high voltage machine is supplied as follows. From a high pressure tank 
arranged at one of the machine's ends (not shown), the coolant flows through 
channels 14 built by the stiffening ribs of washers 12 into channels 15 built by the 
surface of the cylindrical part of slots 2 and insulation sleeves 3 along their complete 
length, and into the low pressure tank arranged at the other end of the machine. 
Insulation discs 9 have holes 10 to let the flow of the coolant along channels 15. 
High- and low pressure tanks cover the baskets of the machine front parts (not shown) 
and are hermatically connected with dielectrical cylinder 7 and the stator body of the 
machine. 

The laminated surface of the cylindrical part of contoured slots 2 is 
preliminarily smoothed out with a cylindrical template, and a compound is poured in 
between the template and the laminated steel. The smooth slot surface sufficiently 
facilitates the preliminary sleeve assembling. 

The efficiency of the proposed design is achieved primarily by saving 
electrical energy as a result of longer between-the-maintenance periods due to the 
fact that the wedging of the stator winding does not need to be renewed, which is 
normally done often in case of traditional machine designs. 

Patent claims 

1. Electrical machine stator containing a slotted laminated core and a cooled 
winding of high voltage cables enclosed in insulation sleeves with the cables forming 
a radial row in the slots, is characterised by the fact that in order to increase 
reliability while facilitating the assembling, the surface of every slot is a radial row of 
cylindrical surfaces building the cable channels communicating via radial cut-outs, 
and in the gap between the sleeves and the channel walls along the core the insulation 
discs with longitudinal channels are placed, and on the core ends the sleeves are 
adjoined to the thread bushes which carry the nuts, and between the core ends and the 
nuts there are washers at least one of which has stiffening ribs building the radial 
channels communicating with the longitudinal; channels. 

2. Electrical machine stator characterised by having cylindrical surfaces in 
zigzag layout. 

Information sources taken into account in patent research: 



1. Titov V.V. and Co. Designing of turbine generators. 1967, p.l 19 

2. USSR Patent on the application #2843451/2407, kl.H 02 K 3/24, 1979. 



